In the paper the set of representative parameters for a comprehensive assessment of the surface texture status after slide burnishing has been proposed. The analysis of correlations between the parameters of the surface texture, obtained by slide diamond burnishing of 317Ti steel has been performed. Correlations have been determined and several groups of surface texture parameters with strong mutual correlations (also parameters uncorrelated with the other) have been selected. For both groups of parameters -representative and uncorrelated -experimental mathematical relations defining influences of the input parameters of slide diamond burnishing on the surface texture parameters have been developed. Also, interaction effects for individual parameters of this finishing process have been disclosed. It has been found that by appropriate selection of input conditions of the slide diamond burnishing process, it is possible to obtain a wide range of states of the surface texture.
INTRODUCTION
Surface texture of the machine parts is the result of their finishing treatment. Often, the appropriate shaping of surface texture can radically change properties of the product, such as abrasion resistance, corrosion resistance, as well as their strength during changing operational loads. Therefore, various finishing techniques (inter alia slide diamond burnishing) are more and more developed and increasingly used. They are enabling to obtain optimal surface texture for the working conditions of given parts of machines. In such cases, the assessment of surface texture by conventional amplitude parameters is far from enough [1] - [3] . It's commonly found that the surfaces, having same values of the amplitude parameters, can have very different values of other surface texture parameters and thus different functional properties. Therefore, already in 1990, the surface texture has been evaluated on the basis of eight parameters [4] . According to later proposals, which are included on the so-called Birmingham List [5] , [6] , it is necessary to take measurements of 14 parameters of the surface texture, to estimate its properties. A slightly different opinion have the authors of paper [1] , who believe, that a representative set of surface texture parameters should be different and should depend on the type of work of the particular surface.
According to the current ISO 25178-2 standard for the complete characterization of the surface texture, dozens of parameters should be measured. However, in industrial practice such a comprehensive characterization is never needed and a full assessment is never carried out. In the case of general-purpose, not very responsible machine parts, requirements are often set by determining the maximum permissible values of Ra/Sa or other amplitude parameters [7] . In paper [8] , measurements of the polymers wear were based on the Ra parameter. Meanwhile in [9] , tests of the correlations between bearing vibrations and various surface parameters were made. It was stated that vibration level had had the highest correlation coefficient with Sa/Ra parameters. However, in [10] it was found, that single Ra parameter is insufficient to describe the surface texture functionality. The optimization of hard turning process based on different stereometric parameters was made. Also in [7] there was surface state valuation based on different amplitude parameters, and in [11] roughness of the polished specimens was modelled with the use of Ra and Ry (maximum height of the profile) parameters.
In case of parts working in the friction conditions, numerous other parameters are also important. In work [12] , there are 11 highlighted parameters that need to be considered during testing the correlation between surface texture and sliding friction. In [13] , five amplitude parameters (Ra, Rq, Rz, Rku, and Rsk) and five material ratio parameters (Rk, Rpk, Rvk, MR1, and MR2) were used to determine the best indicator of run-in. However, it follows from the study presented in [14] that one can fairly precisely describe a piston skirt surface topography using the following parameters: Sq, Ssk, Str, and Sdq. For the detailed description of topography, the authors of work [14] Journal homepage: http://www.degruyter.com/view/j/msr also recommend parameters St±3σ, Sku, Sds, Ssc, and P∆ax/P∆ay. Meanwhile in [15] , tribological properties were evaluated in connection with six 3D parameters such as: Sa, Sq, St, Abbot-Firestone Curve, Texture Directivity, and 3D view of surface. In similar researches presented in [16] , besides the Abbot-Firestone Curve and functional parameters, that came out of it, parameters Sq, Ssc, Sds, Spd were also considered. Correlations between tribological properties and the state of surface, based on the 3D view of surface, and surface profile, but also Sz, Sq, Ssk, Sku, Str, Sal, Spd parameters, were described in [17] . In [18] the Ssk parameter was strongly correlated with the pressure, thickness of the lubrication layer in elastohydrodynamically lubricated sliding joints. The effect of surface geometry on the hydrodynamic bearing parameters was also shown in [19] . In [20] it was proven, that with usage of Ssk and Sku parameters it is possible to predict the contact region's tribological behavior. It was stated that higher Sku and negative Ssk value will end in lower friction and it was confirmed that both of Ssk and Sku parameters can be used to design the textured surface. Meanwhile in [21] the Rq, Rz, tp (bearing coefficient), Rsk parameters were used to describe the fabric's wear level. The spatial and hybrid stereometric parameters were used in [22] to estimate the surface topography in sliding friction conditions. In [23] after the tests of the surface roughness and texture parameters during lubricated sliding friction, there were few different specimens used. They were made with the isotropic and anisotropic surface roughness and with different textures. Thanks to these various specimens, the influence of the isotropic/anisotropic surface structure and Ssk and Sku parameters on the friction was proven. Also in [24] it was shown, that the tribological wear was correlated not only with Ra but also Ssk and Sku parameters.
The mentioned researches have varied approach to the problem. It also can be seen in the researches of the dynamic loaded surfaces. For example in [12] , parameters Sa, Sq, Std, and Svi were considered as the most important. In [25] , during fatigue tests, only Sq, Sk parameters were verified and in [26] only Sa/Ra and Sz/Rz parameters and 3D view of surface were considered.
It is known and has been frequently found during experiments, that there are correlations between different surface texture parameters (including those not necessarily resulting from physical dependencies). For example, in [27] , correlations between 21 surface texture parameters defined in the ISO 25178-2 standard have been found and during the examination of the 17 surfaces obtained as a result of different machining methods there was found the existence of many strong correlations between surface texture parameters. The existence of this kind of correlations has also been shown in [28] , after examining the surfaces of the cylinder liners. And in [29] the correlations between different surface texture parameters have been described and a way of identifying parameters that are significantly changing during the manufacturing process has been proposed. The fact that some surface texture parameters are unnecessary because of redundancy has also been shown in [30] .
Analysis of these dependencies enables determination of necessary requirements for the drawings of the state of machined surfaces, but also allows us to reduce the number of surface texture parameters that should be controlled during the production process. This kind of analysis for the slide diamond burnishing process of the cylindrical-shaped parts made of austenitic stainless steel has been carried out in this work. The work also includes the calculations of mathematical relations, defining the influence of the basic parameters of slide diamond burnishing on the surface texture properties.
RESEARCH METHODOLOGY & MEASURING TECHNIQUES
The samples made of austenitic stainless steel 317Ti after drawing process have been used for the model studies. The samples were prepared (by cold drawing) in the shape of shafts, with a diameter of 12 mm, a length of 100 mm and a surface roughness Sa = 1.05 µm. Presented in Fig.1 ., slide burnishing process (this technology was described in detail in [31] ) was performed on the universal lathe using a special chuck ensuring elastic and adjustable burnishing force. Onepiece spherical burnishers made of PCD (synthetic polycrystalline diamond also known as carbonado) have been used. During the burnishing process a lubricating mixture of oil and kerosene with the proportion of 20:80 has been used. Studies of influence of selected slide burnishing parameters on the surface roughness were carried out according to the Hartley plan PS/DS-P:Ha3 [32] (Table 1. ). Calculation methodology was described in detail in [33] . Experiment required implementation of the N = 11 tests, with input parameters on three levels of variation. Values of input parameters have been selected according to the previously acquired experience, technical capabilities of the test bench and the preliminary studies. The experiment was carried out with three repetitions. Regression analysis of the results was performed with the significance level of 0.05. This allowed us to obtain mathematical relationships (regression equation), which describe the influence of the input parameters of the slide diamond burnishing process on the achieved results. The input parameters were: radius of the tool tip, load force, and tool feed. Output parameters were parameters of the surface texture obtained during the process. The values of input parameters used during the individual tests are given in Table 2 . Measurements of surface texture parameters were carried out on the Talyscan 150 profilometer with the software for surface analysis TalyMap Expert 2.0.15. The measurements were performed with the contact method, using inductive contact sensor equipped with the measuring needle with tip radius 5 microns. The set of 28 parameters given in ISO-25178-2 and ISO-4287 standards was measured. With the use of results of these measurements (listed in Table 3 .) Pearson's linear correlation coefficients between all studied parameters were calculated. The results of these calculations are given in the Table 4 . 
DISCUSSION OF TEST RESULTS
If we consider correlation coefficients with absolute value greater than 0.7 as significant (highlighted in the Table 4 .), it can be concluded, that there are many dependences between the surface texture parameters after the slide burnishing process. Most parameters are correlated with one of the following: Sa, Sv, Str, Ssk, Svk, Std, Svi or Sp. These parameters were found to be representative for the most of the others, as it was shown in Table 5 . It also revealed parameters, which have been very poorly correlated with the others: Sds and Sr1.
For some above mentioned representative parameters, but also for parameters with poor correlation coefficient, the calculation procedure was performed according to the methodology given in [32] , [33] . This allowed us to obtain the regression equation, which defines the influence of the input parameters of the slide burnishing process on the obtained surface texture parameters. Regression equation coefficients were calculated and then their relevance and repeatability of experimental results were assessed. Adequacy of the obtained regression equation has been rated at the end. This calculation cycle has been performed repeatedly, each time for the different parameters from the above listed surface texture parameters. The result is a few mathematical models in the form of polynomials of the second degree. These models not only allow us to determine the direct influence of input parameters of the slide diamond burnishing process, but also allow us to observe the effects of interactions (synergy) of these parameters. Following mathematical relations have been obtained: (9) Experiments have shown that the slide diamond burnishing process is an effective method of treatment of the parts made of 317Ti stainless steel. It allows us to obtain not The calculated regression equations are useful for further analysis (e.g., optimization) and allow for selection of input parameters to obtain a surface texture with desired characteristics during the slide diamond burnishing.
4. CONCLUSIONS 1. Slide diamond burnishing process is a relatively easy method to obtain a good surface smoothness of parts made of 317Ti stainless steel. 2. For the comprehensive assessment of the state of the surface texture after the slide roller burnishing process it is enough to measure 10 representative parameters. The other parameters are relatively well correlated with them. 3. The influence of the slide diamond burnishing process input parameters on the surface texture parameters was described by the obtained regression equations. It allowed the disclosure of the synergies of individual parameters of the slide diamond burnishing process.
